Introduction {#s0001}
============

Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) are autoimmune rheumatic diseases in which chronic inflammation is associated with pathology of the peripheral joints or axial skeleton. RA is characterized by synovial joint inflammation and the overgrowth of synoviocytes, leading to cartilage and bone destruction. AS specifically involves the lower region of the spine and sacroiliac joints and causes enthesopathy and axial bone ankylosis. RA and AS are multifactorial diseases whose development depends on genetic as well as environmental factors. Genetic analysis of susceptibility to AS and RA suggests a polygenic inheritance pattern with the largest contribution from the major histocompatibility complex (MHC).\[[@cit0001]\] The MHC genetic contribution to these diseases is due to association of several alleles of the human leukocyte antigen (HLA)-DRB1 gene with RA and the HLA allele B27 with AS.

The prominent role played by tumor necrosis factor (TNF) α in inflammation and its relevance to AS and RA, as well as the location of the TNF-α gene (TNFA) within the class III region of MHC (between the HLA-B locus and HLA-DR) has led to great interest in the possibility that variants of the gene might be involved in disease susceptibility. Interindividual variations in the TNF production in healthy controls have been observed with high and low producer phenotypes, indicating a substantial genetic contribution to regulation of the TNF synthesis.\[[@cit0003]\] These findings suggest that polymorphism in the TNF-α regulatory region might influence its production. A number of single nucleotide polymorphisms (SNPs) within the promoter of the TNF-α gene has been identified. Among these common polymorphisms in the promoter, a G-to-A transition at position −308 (rs1800629) has been most widely analyzed.\[[@cit0005]\] Some investigations have suggested that such allelic variations could have functional significance, but the results obtained have been inconsistent.\[[@cit0006]\] Several studies have examined the potential contribution of −308 G/A TNFA SNP to AS and RA susceptibility.\[[@cit0007]\] However, the results about the relationship of the TNF-α rs1800629 polymorphism with RA and AS are still inconclusive.

The aim of this study was to determine whether the TNFA rs1800629 polymorphism contributes to the susceptibility to AS and RA and the characteristics of these diseases in the Bulgarian population. In addition, we also evaluated their possible use as predictors of the therapeutic response to TNF-α blockers.

Subjects and methods {#s0002}
====================

Subjects {#s0002-0001}
--------

A total of 166 patients with AS and RA attending the Clinic of Rheumatology at St Ivan Rilski University Hospital (Sofia, Bulgaria) and 177 healthy subjects were included in this cross-sectional study. Of these patients, 58 had AS, according to the Modified New York criteria \[[@cit0015]\] and 108 had RA, according to the American College of Rheumatology criteria.\[[@cit0016]\] The longitudinal analysis included 17 patients with AS, in whom the improvement criteria for response to therapy at the sixth month were assessed (proportion of patients achieving 20% improvement by the Assessment of SpondyloArthritis International Society response criteria; ASAS20).

This study was approved by the institutional ethics committee and all subjects gave their informed consent.

Clinical assessments {#s0002-0002}
--------------------

All participants completed extensive questionnaires about their medical history and rheumatologists performed a clinical evaluation on each participant. Clinical data included age, sex, disease duration and current medication history.

The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) \[[@cit0017]\] was used to measure patient-reported disease activity. BASDAI consists of six questions related to particular signs and symptoms of the disease (fatigue, spinal pain, pain in joints and entheses, morning stiffness severity and duration) and is completed by the patient on a 10-cm visual analogue scale (VAS). To determine the state of disease activity, we defined two levels for BASDAI. In our analysis, we used only the two most contrasting groups, where disease activity was defined as definite or no disease activity. A score under (\<) 4 was assumed to mean no active disease, while a score above (≥) 4, that there was definite disease activity.

The outcome measure in AS was the proportion of patients showing a response based on ASAS20 at the sixth month of therapy. ASAS20 was calculated as a composite index: ≥20% relative improvement and absolute improvement of ≥1 units in at least three domains on a scale of 10, with no worsening in the fourth: inflammation (mean of BASDAI questions 5 and 6), function (Bath AS Functional Index), patient perception of pain on a 10-cm VAS and patient global assessment.\[[@cit0018]\]

Disease аctivity in RA was assessed by DAS28-ESR (Disease Activity Score 28-erythrocyte sedimentation rate). DAS28-ESR combines single measures into an overall, continuous measure of RA disease activity.\[[@cit0019]\] DAS28-ESR includes a 28 tender joint count, a 28 swollen joint count, ESR and a general health assessment on a 10-cm VAS.\[[@cit0019],[@cit0021]\] Patients were subdivided into two groups on the basis of the DAS28-ESR score: lack of diseases activity (DAS28 ≤ 3.2) and presence of disease activity (DAS28 \> 3.21).\[[@cit0022]\]

Genotyping for −308 G/A polymorphism in TNFA {#s0002-0003}
--------------------------------------------

Genomic DNA was extracted from peripheral whole blood, using the NucleoSpin Blood L Purification kit (Macherey-Nagel, Duren, Germany) and stored at −80 °C until use. Genotyping for the −308G/A polymorphism in the TNFA (rs1800629) was performed by restriction fragment length polymorphism (RFLP) analysis of polymerase chain reaction (PCR) fragment amplified using the modified forward primer 5′-AGG CAA TAG GTT TTG AGG GCC AT-3′ and the reverse primer 5′-TTG GGG ACA CAC AAG CAT CAA GG-3′, to create a restriction site for the *NcoI* enzyme. PCR amplification was performed in a GeneAmp PCR System 9700 (Applied Biosystems). The thermocycling conditions were as follows: 95 °C for 2 min, 95 °C for 45 s, 65 °C for 45 s and 72 °C for 45 s, for 35 cycles and then 72 °C for 5 min. Overnight digestion with restriction enzyme *NcoI* (Thermo Scientific) was carried out with the PCR product at 37 °C and then analyzed in a 3% agarose gel. The sizes of PCR fragments were 150 bp for the −308 A allele and 128 bp and 22 bp for the −308 G allele.

Statistical analysis {#s0002-0004}
--------------------

All data for this study were analyzed using the software SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL). The differences in genotype distribution and allele frequency among cases and controls were analyzed using the χ^2^ test. The StatPages.org web site \[[@cit0023]\] was used to estimate odds ratios (ORs) expressed by their 95% confidence intervals (95% CI) for disease susceptibility and severity in relation to the −308 G/A TNFA polymorphism. The goodness of fit to the Hardy--Weinberg equilibrium, calculating the expected frequencies of each genotype and comparing them with the observed values for patients and healthy controls, was performed using a χ^2^ test. BASDAI and DAS28-ESR or subscores were used as continuous variables or as categorical variables upon categorization. Two-tailed *p*-values less than 0.05 were considered as significant.

Results and discussion {#s0003}
======================

Characteristics of patients and healthy controls {#s0003-0001}
------------------------------------------------

A total of 58 patients with AS and 108 with RA were included in the study of distribution of the −308 G/A TNFA polymorphism. The demographic characteristics of the study participants, as well the clinical data of cases, are summarized in [Table 1](#t0001){ref-type="table"}. Table 1.Demographic and clinical data of study participants. AS (*n* = 58)RA (*n* = 108)Controls (*n* = 177)Age (years) Mean (±SD)38.1 ± 8.655.0 ± 11.247.5 ± 14 Range22--5722--7819--83Sex Male46 (79.3%)8 (7.4%)85 (45%) Female12 (20.7%)100 (92.6%)92 (52%)Disease duration (years) Mean (±SD)10.9 ± 7.19.5 ± 7.9  Range1--301--40 Drug treatment NSAIDs19 (32.8%)--  sDMARDs--90 (83.4%)  bDMARDs27 (46.5%)18 (16.6%) Disease activityBASDAI scoreDAS28-ESR  Mean (±SD)4.78 ± 2.245.04 ± 1.33  Yes/no34/2469/39 

The group of the patients with AS consisted of 46 (79.3%) males and 12 (20.7%) females from 22 to 57 years of age with a mean (±SD, standard deviation) age of 38.1 ± 8.6 years. The mean (±SD) disease duration was 10.9 ± 7.1 years (range 1--30). Ninety-one per cent of AS patients were HLA-B27 positive. In terms of drug usage, 27 patients (46.5%) were treated with a TNF-α blocking agent (etanercept and adalimumab). Nineteen patients (32.8%) were taking a first-line therapy of non-steroidal anti-inflammatory drugs (NSAIDs). Thirty-four patients had active disease defined as BASDAI score ≥ 4.

The group of RA patients consisted of 8 (7.4%) males and 100 (92.6%) females from 22 to 78 years of age, with a mean (± SD) age of 55.0 ± 11.2 years. The mean (±SD) disease duration of RA was 9.5 ± 7.9 years (range 1--40). Eighteen patients (16.6%) were treated with biological disease modifying antirheumatic drugs (bDMARDs): two patients with TNF-blocking agents (etanercept and adalimumab) and 14 patients with IL-6RA (tocilizumab), at the time of the study; and the rest were taking synthetic DMARDs (sDMARDs) (methotrexate and sulfasalazine). In 69 RA patients with a DAS28-ESR score \> 3.21, the disease was defined as active.

The sex and age distribution of the healthy controls was 85 (45%) males and 92 (52%) females; mean (±SD) age of 47.5 ± 14. years, range 19--83 years.

Association of −308 G/A TNFA polymorphism with susceptibility to AS and RA {#s0003-0002}
--------------------------------------------------------------------------

The genotype distribution and allele frequency of −308G/A in the gene promoter of TNFA among the cases and controls are presented in [Table 2](#t0002){ref-type="table"}. The genotype distribution of the −308 G/A TNFA polymorphism among the AS cases was in agreement with the Hardy--Weinberg equilibrium (χ^2^ = 4.681; *p* = 0.09), RA cases (χ^2^ = 0.015; *p* = 0.992) and controls (χ^2^ = 0882; *p* = 0.643). Table 2.Distribution of allele and genotype frequencies of the TNFA −308G/A polymorphism in the studied patients from Bulgaria.rs1800629 TNFAAAGAA/AGGG AGHC (*n* = 177)2 (1.1%)40 (22.6%)42 (23.7%)135 (76.3%) 44 (12.4%)310 (87.6%)AS (*n* = 58)0 (0.0%)5 (8.6%)5 (8.6%)53 (91.4%)χ^2^ = 6.359\
*p* = 0.0425(4.3%)111(95.7%)OR (95% CI) 0.318 (0.104--0.903)0.303 (0.099--0.89)Reference 0.317 (0.108÷0.863)Reference*P* 0.0290.021  0.021 RA (*n* = 108)1 (0.9%)24 (22.2%)25 (23.1%)83 (76.9%)χ^2^ = 0.34\
*p* = 0.98326 (12%)190 (88%)OR (95% CI)0.813 (0.03--11.66)0.976 (0.527--1.801)0.968 (0.529--1.768)Reference 0.964 (0.556/−1.665)Reference*P*1.00.9340.911  0.89 [^1]

The genotype distribution of this polymorphism was almost identical between RA patients and controls (χ^2^ = 0.34; degrees of freedom, *df* = 2; *p* = 0.983). In the studied cohort, 76.9% of RA patients and 76.3% of control subjects were homozygous carriers of the GG genotype, heterozygous AG genotype was observed in 22.2% of RA patients and 22.6% of controls and homozygous AA genotype was observed in only 0.9% of RA cases and in 1.1% of controls. There were also no significant differences in the allele frequency of the −308 G/A TNFA polymorphism between RA patients and controls (χ^2^ = 0.015; *df* = 2; *p* = 0.89).

In contrast, we found significant differences in the genotype (χ^2^ = 6.359; *df* = 2; *p* = 0.042) and allele (χ^2^ = 5.238; *df* = 2; *p* = 0.021) frequencies of the −308 G/A TNFA polymorphism between AS patients and controls. There was higher frequency of the TNFA −308 G allele (95.7% vs. 87.6%; OR = 3.151) and lower frequency of the TNFA −308 A allele in AS patients vs. healthy controls (4.3% vs. 12.4%; OR = 0.317). A higher frequency of the GG genotype (91.4%) and lower frequency of heterozygous AG genotype (8.6%) was found in AS patients as compared to the controls. Logistic regression analysis revealed that the presence of the TNFA −308 A allele in the genotype (AA + AG vs. GG) was associated with a 3.298 times lower risk of developing AS (OR = 0.303; 95% CI 0.099--0.58; *p* = 0.021). These results suggest that the presence of the TNFA −308 minor allele A in the genotype could be protective to susceptibility of AS.

Role of the −308 G/A TNFA polymorphism in clinical manifestation of AS and RA {#s0003-0003}
-----------------------------------------------------------------------------

The genotype distribution of SNP in the −308 locus of TNFA among the studied patients was examined in relation to some clinical parameters. An association was found in AS for age at disease onset (age at onset \< 29 years; OR = 0.222; 95% CI 0.04--1.02; *p* = 0.05) as well as for disease severity (BASDAI ≥ 4; OR = 0.152, 95% CI 0.006--1.633, *p* = 0.067) under a dominant model (AA + AG vs. GG) ([Table 3](#t0003){ref-type="table"}). These results suggest that carriage of the TNFA −308 A allele in the genotype is a protective factor for early appearance of AS (below 29 years of age) and manifestation of most severe disease (BASDAI ≥ 4). Table 3.Clinical data of AS patients in correlation with the TNFA −308G/A polymorphism genotypes. GG, *n* (%)AA + AG, *n* (%) Age at onset \<29 years29 (54.7)2 (40.0)\>29 years24 (45.3)3 (60.0) OR = 0.222; 95% CI 0.04--1.02  Disease severity BASDAI \< 420 (37.7)4 (80.0)BASDAI ≥ 433 (62.3)1 (20.0) OR = 0.152; 95% CI 0.006--1.633  Response to anti-TNF treatment (ASAS20) No9 (69.3)2 (50)Yes4 (30.7)2 (50) OR = 2.25; 95% CI 0.144--38.542 [^2]

We also found that the presence or absence of an A allele at locus −308 was related to the clinical outcome of anti-TNF-α treatment in AS patients. Fifty per cent of the patients carrying the −308A allele in the genotype achieved improvement, according to the ASAS20 under the criteria assessing the response to therapy, whereas for the patients carrying the −308 GG genotype, there was improvement only in 30.7% ([Table 3](#t0003){ref-type="table"}). As the number of TNFA −308 AG heterozygotes was small, the difference between −308 AG heterozygotes and −308 GG homozygotes in regard to their response to anti-TNA-α treatment was not statistically significant.

No association of the −308 G/A TNFA polymorphism with age of onset, disease severity (assessed by the DAS28 score) and response to therapy in RA was found (data not shown).

Because the TNF-α gene encodes one of the most potent proinflammatory cytokine and immune modulator of joint destruction and due to the localization of the TNF-α gene within the MHC in close vicinity of the HLA-B locus, the TNF-α gene constitutes an important candidate for determining genetic susceptibility to inflammatory rheumatic disease, such as RA and AS. Also, the first TNF-α promoter SNP identified (the −308 G-to-A transition) is strongly associated with the HLA-A1-B8-DR3 haplotype,\[[@cit0024]\] known to predispose to various autoimmune diseases.

The TNFA −308 G/A polymorphism has been reported to be associated with AS, but the results reported are contradictory.\[[@cit0025]\] Two studies performed in AS patients from Germany \[[@cit0010]\] and Scotland \[[@cit0012]\] established reduced incidence of the −308 A allele in AS and have concluded that allelic variants in the TNFA promoter influence disease susceptibility in HLA-B27 positive individuals. In the southern German AS patients, a significant reduction in the TNFA −308 A allele was also reported, but no difference in allele frequencies was observed in the English population.\[[@cit0013]\] As well, two other studies involving Spanish AS patients failed to identify significant differences of the TNFA promoter variations at position −308 between the AS cases and controls.\[[@cit0009],[@cit0026]\]

In this study, we found under-representation of the TNFA −308 A allele in Bulgarian patients with AS. Our results suggest that the presence of the TNFA −308 minor allele A in the genotype could be protective against susceptibility to AS. In addition, the carriage of the TNFA −308 A allele could be a protective factor against early appearance of AS and manifestation of most severe disease, thus having a modifying effect on the clinical presentation of the disease.

Our study, however, has some limitations: first, the HLA-B27 status of the healthy controls subjected to analysis was not known, whereas 91% of the studied AS patients were HLA-B27 positive; second, the number of −308 G/A TNFA heterozygotes was relatively small. Further studies are needed to explain the molecular mechanism underlying the significance of the A allele for protection against AS development and severity.

Although the therapeutic options for patients with active and severe AS are still fairly limited, there is accumulating evidence that biologic therapy with agents directed against TNF-α is highly efficacious.\[[@cit0027]\] It has been suggested that TNF-α overexpression acts as a driver for inflammation that damages cartilage and bone, and TNF-α inhibition leads to significant clinical improvement and reduction of this damage.\[[@cit0028]\] Studies in patients with RA, psoriatic arthritis or AS suggested that patients with TNFA −308 GG genotype are better responders to anti-TNF-α treatment than those with AA or AG genotypes.\[[@cit0029]\] In our study, we found that the proportion of patients that showed a therapeutic response was higher among the −308 A/G heterozygotes as compared to the GG homozygotes. However, these results should be interpreted with caution due to the lower statistical power of the observation and the lack of statistically significant difference in the allelic frequency between responders and non-responders.

Several studies have examined the association of the TNFA SNP at locus −308 and the susceptibility to RA. Wilson et al. \[[@cit0030]\] for the first time examined the −308 G/A SNP in relation to RA and they did not establish an association of TNFA alleles with susceptibility to RA for the Dutch population. Also, in Spanish patients, two studies found no association of the TNFA promoter variation at position −308 with RA susceptibility.\[[@cit0011],[@cit0014]\] However, unlike the Caucasians, in a large cohort of Japanese patients with RA (*n* = 545), an increased frequency of the −308 G allele was established, which was associated with HLA-DRB1\*0405.\[[@cit0031]\] Another study with a non-Caucasian population from Taiwan \[[@cit0032]\] also showed an increased frequency of the −308 G allele in RA patients. It could be considered that the −308 G/A SNP may have a different effect on the genetic predisposition to RA development, depending on the race. Our results are in agreement with these observations, as Bulgarians belong to Caucasians.

The influence of allelic variants at locus −308 of TNFA on the development and severity of RA has also been evaluated in addition to studies on their frequencies.\[[@cit0007],[@cit0033]\] In Swedish patients, it has been demonstrated that individuals bearing the heterozygous TNFA −308 AG genotype develop a more severe disease with an earlier onset,\[[@cit0007]\] while in Turkish RA patients, a significant association with bad prognosis of the disease has also been described.\[[@cit0033]\] As summarized by Lee and Song \[[@cit0025]\], a number of factors, such as clinical heterogeneity, ethnic differences or real genetic heterogeneity, small sample size of the studies or their low statistical power may explain the controversial data in the literature. Our data showed no association of the studied genotypes (the TNF-α −308 A/G polymorphisms) and RA severity. The lack of influence of −308 TNF-α gene polymorphism on the severity of RA has already been reported by others.\[[@cit0005],[@cit0034]\] Subsequently, the analysis performed after stratification by age at onset detected no significant association with the TNFA −308A/G polymorphism.

Conclusions {#s0004}
===========

The results from this study showed that the TNFA rs1800629 gene polymorphism is associated with the genetic susceptibility to ankylosing spondylitis, age at onset and disease severity in the Bulgarian population. In contrast to AS, an apparent association was not shown between the −308 A/G polymorphism of the TNF-α gene and susceptibility to RA in the studied population. These data support the hypothesis for the different pathogenetic mechanisms underlying both these inflammatory joint diseases. In addition, the TNFA promoter polymorphism at locus −308 could affect the therapeutic outcome in response to biological agents, such as monoclonal antibodies against cytokines and cytokine receptors, in AS patients.

[^1]: Note: HC: healthy controls.

[^2]: Note: Only odds ratios (ORs) for AA + AG are shown.
